Homocysteine modulates the effect of simvastatin on expression of ApoA-I and NF-kappaB/iNOS.
Statins can ameliorate atherosclerosis by inhibition of cholesterol biosynthesis or by modulation of inflammation. In earlier work, we showed that homocysteine (Hcy) reduced synthesis of apolipoprotein A-I (ApoA-I). Our goal in this study was to determine whether Hcy could interfere with the ability of simvastatin to increase ApoA-I synthesis or to modify statin-dependent regulation of inflammatory factors. Human HepG2 hepatocarcinoma cells and murine RAW264.7 macrophages were treated with simvastatin, with and without Hcy, to examine the expression of ApoA-I and nuclear factor-kappaB (NF-kappaB) or the NF-kappaB target, inducible nitric-oxide synthase (iNOS), respectively. Mice with methylenetetrahydrofolate reductase (Mthfr) deficiency, an animal model of hyperhomocysteinemia, were administered simvastatin (in diets or by injection) for in vivo assessment of these interactions. In HepG2 cells, Hcy reduced the statin-dependent increases in ApoA-I protein, mRNA, and ApoA-I promoter activity. In RAW264.7 macrophages, simvastatin decreased, whereas Hcy increased, the expression of pro-inflammatory NF-kappaB protein; in the presence of both Hcy and simvastatin, the pro-inflammatory effect of Hcy prevailed. Hcy increased mRNA levels of iNOS in the macrophage line; the combination of Hcy and simvastatin resulted in a trend towards greater induction. In mouse studies, simvastatin decreased cholesterol levels, but levels of ApoA-I in Mthfr-deficient mice remained lower than those in Mthfr(+/+) mice. Simvastatin injection increased iNOS protein and mRNA levels in peripheral blood of hyperhomocysteinemic Mthfr-deficient mice, but not in Mthfr(+/+) mice. The drug also increased MTHFR protein in cells and mouse liver, an effect that was modified by Hcy. These findings provide a link between statins and folate-dependent Hcy metabolism, and suggest that Hcy interferes with some anti-atherogenic and anti-inflammatory properties of simvastatin. Our work may have clinical relevance for hyperhomocysteinemic individuals on statin therapy.